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(54) Wet flue-gas desulphurization system 

(57) In a wet flue-gas desulturization system includ- 
ing an absorption column formed with a tank at the bot- 
tom which is supplied with an absorbent slurry and a cir- 
culating pump for forcing the slurry upwardly from the 
tank into the flue gas inlet at the top of the column for 
contact with flue gas, wherein sulfur dioxide is removed 
by absorption with the absorbent slurry from the flue gas 
introduced in the flue gas inlet and the treated gas free 
of sulfur dioxide is discharged through a gas-outlet duct 
formed to rise integrally from the top of an end part of the 
tank, the improvement which comprises a mist eliminator 
which is held upright, like a vertical partition, across the 
riser of the duct, with the lower end of the eliminator being 
extended partly into the bath of the absorbent slurry in- 
side the tank. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 
STATEMENT 

This invention relates to a wet flue-gas desulfuriza- 
tlon system which can effectively reduce the mist con- 
centration In the treated gas at its outlet. 

Flue-gas desulfurization facilities of the wet type in 
which sulfur dioxide is removed from flue gases by 
means of an absorbent slurry have recently come into 
wide-spread use. In those systems the absorbent slurry 
is injected into the path through which the flue gas pass- 
es so as to ensure efficient contact between the slurry 
and the gas. The injection produces a mist of the absorb- 
ent elurn/ urhi^h nrinc* Awnnti k« #*t; m : M « — I 
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FIGURE 2 illustrates a typical arrangement (of es- 
sential components only) of the conventional wet 
flue-gas desulfurization systems. It comprises an ab- 
sorption column 1 , a tank 2 formed at the bottom of the 
absorption column 1 and which is supplied with an ab- 
sorbent slurry S, for example, of limestone through a 
slurry supply line not shown, a circulating pump 3 for forc- 
ing the slurry upwardly from the tank 2 into a flue gas 
inlet la at the top of the absorption column where the slur- 
ry comes in contact with the flue gas, an agitating bar 7 
supported by a rotating shaft 5 hanging from the ceiling 
4 of the tank 2 and which is driven by a motor 6 to turn 
horizontally in the bath of slurry S, a gas-outlet duct 8 
formed to rise integrally from the top of an end part of the 
tank 2 and extend sideways, and a mist eliminator 9 in- 
stalled like a partition across the duct body 8a of the 
gas-outlet duct 8. 

In the system, flue gas A to be treated is introduced 
into the absorption column 1 at the flue gas inlet 1a, 
where it is contacted with the absorbent slurry S being 
sprayed from a header pipe 10. In this manner, the crude 
flue gas A is freed from sulfur dioxide by absorption and 
is discharged as a clean treated gas B from the gas-out- 
let duct 8. The absorbent slurry S that has been sprayed 
out of the header pipe 10 flows down, while absorbing 
sulfur dioxide from the flue gas, by way of a bed of pack- 
ing material 11. The absorbent slurry S that has fallen 
into the tank 2 is stirred by the agitating bar 7 and is ox- 
idized through contact with numerous bubbles of air pro- 
duced by air supply means not shown, and then is taken 
out as gypsum (a by-product). 

Meanwhile, inside the gas-outlet duct 8, the mist in 
the treated gas B is captured by the mist eliminator 9, 
caused to flow into a drain hopper 8b formed at the bot- 
tom 8c of the duct body 8a, and is returned to the tank 
2. The mist eliminator 9 is usually equipped with a nozzle 
(not shown) which sprays wash water against an ele- 
ment of the eliminator, and the washings too are allowed 
to flow down through the drain hopper 8b into the tank 2 
for reuse as a part of the absorbent slurry S. 

FIGURE 3 shows another arrangement (of essential 
components) of a prior art wet flue-gas desulfurization 



system disclosed in Japanese Utility Model Provisional J 
Publication No. 62-130719. Parts like those shown in 
FIGURE 2 are designated by like numerals. In this sys- 
tem the mist eliminator 1 5 is suspended from the ceiling 
s of the tank 2 toward the liquid surface of the absorbent 
slurry S and is joined at the lower end to a partition plate 
1 6 which in turn extends partly into the bath of the slurry. 
The treated gas is freed from mist as it passes between 
the liquid surface of the absorbent slurry S and the ceiling 

10 4, and the captured mist and washings are directly flown 
down into the bath inside the tank 2. 

The wet flue-gas desulfurization system of the con- 
struction shown in FIGURE 2 requires the drain hopper 
8b and piping for connecting the hopper to the tank 2. 
This presents a shortcoming of additional cost for the 
complex construction. Another disadvantage is the high 
maintenance cost with frequent cleaning for the removal 
of solid deposits (gypsum and the like in this case) from 
the bottom 8c of the gas-outlet duct. The duct body 8a 

20 of the gas-outlet duct 8 cannot have a fairly large diam- 
eter for cost reason. Accordingly, the cross sectional 
area of the gas flow path is limited and the flow velocity 
increased, for example, to about 18 meters per second. 
Thus a large mist removal capacity cannot be secured, 

2S and the mist concentration on the outlet side of the mist 
eliminator 9 (the final mist concentration in the treated 
flue gas) can hardly be lowered. 

The wet flue-gas desulfurization system of FIGURE 
3 is simpler in construction without the need for the drain 

30 hopper and associated parts. However, the difficulty in 
lowering the outlet mist concentration is more serious. 
Increasing the height of the ceiling 4 of the tank 2 from 
the bath level would entail various drawbacks; for in- 
stance, it would call for a taller absorption column 1 with 

35 more component parts at extra cost and a greater lift of 
the circulating pump 3 would boost the power consump- 
tion. For these reasons the ceiling 4 has to be kept low, 
with the consequences that the cross sectional area of 
the flow path between the ceiling 4 and the bath surface 

40 decreases and the velocity of gas flow through the path 
increases, for example, to from 6 to 10 m/s, thereby re- 
ducing the mist-collecting capacity of the mist eliminator 
15 accordingly. Furthermore, because the mist elimina- 
tor 1 5 is installed close to the region where the absorbent 

45 slurry S issued from the header pipe 1 0 falls down, the 
mist load at the inlet of the mist eliminator 15 is very 
heavy (i.e., the mist concentration immediately upstream 
of the mist eliminator 15 is very high). This, as a result, 
poses still another problem of a substantially high outlet 

50 mist concentration. 

OBJECT AND SUMMARY OF THE INVENTION 

The present invention has for its object the provision 
55 of a wet flue-gas desulfurization system which is simpler 
in construction and yet is capable of attaining by far the 
lower outlet mist concentration than the prior art systems 
and which, moreover, is easy to maintain. 
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The above object is realized, in accordance with the 
present invention, by a wet flue-gas desulfurization sys- 
tem including an absorption column formed with a tank 
at the bottom which is supplied with an absorbent slurry 
and a circulating pump for forcing the slurry upwardly 
from the tank into the flue gas inlet at the top of the col- 
umn for contact with flue gas, wherein sulfur dioxide is 
removed by absorption with the absorbent slurry from the 
flue gas introduced in the flue gas inlet and the treated 
gas free of sulfur dioxide is> discharged through a 
gas-outlet duct formed to rise integrally from the top of 
an end part of the tank, characterized in that a mist elim- 
inator which is held upright, .like a vertical partition, 
across the riser of the duct, with the lower end of the elim- 
inator being extended partly into the bath of the absorb- 
ent slurry inside the tank. 

Under the invention, the mist eliminator is installed 
vertically, like a partition, across the riser of the gas-outiet 
duct, and therefore its flow path is by far the larger in 
cross sectional area than the eliminators of the prior art, 
with a remarkable increase in the mist-coilecting capac- 
ity. In addition, because the misi eiiminator is located rel- 
atively remotely from the point where the spray of the 
absorbent slurry S forms the mist, the mist load on the 
inlet of the eliminator can be relatively light and the outlet 
mist concentration strikingly low. The flue gas passing 
through the duct body of the gas-outlet duct being al- 
ready free from mist, there occurs no solids deposition 
on the bottom of the duct body. Further, because the low- 
er end of the mist eliminator is extended to be partly sub- 
merged in the bath of absorbent slurry in the tank, the 
captured mist and washings are allowed to flow down 
directly into the tank, dispensing with a drain hopper or 
other structural means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a schematic illustration of a wet 
flue-gas desulfurization system embodying the 
present invention; 

FIGURE 2 is a schematic view of the essential parts 
of a wet flue-gas desulfurization system of the prior 
art; and 

FIGURE 3 is a schematic view of the essential parts 
of another prior art wet flue-gas desulfurization sys- 
tem. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present Invention will now be described with ref- 
erence to FIGURE 1 showing an embodiment thereof. 
The invention is shown here as applied to a so called 
oxidation in tank type wet lime-gypsum desulfurization 
system. It basically comprises: an absorption column 21 
equipped with a header pipe 21b in a flue gas inlet 21a 
formed in the upper part and which is also equipped with 
a bed of packing material 21 c; a tank 22 formed integrally 



with the bottom of the absorption column 21 and which 
is supplied with an absorbent slurry (e.g., a slurry con- 
taining a calcium compound such as limestone); a circu- 
lating pump 23 for forcing the slurry S from the tank 22 
5 into the header pipe 21 b; a gas-outlet duct 24 formed to 
rise integrally from the top of an end part of the tank 22 
and extend sideways; and a mist eiiminator 25 (mist sep- 
arator) mounted as partitions across the riser 24a of the 
gas-outlet duct 24. It further comprises an air supply 
10 means 30 of an arm-rotating type for agitating the slurry 
S in the tank 22 while, at the same time, efficiently sup- 
plying the tank 22 with air (oxygen) and a gypsum-sep- 
arating, absorbent-supplying means 40 for separating 
and taking out gypsum solids as a by-product from the 
is slurry S in the tank 22 and supplying a fresh absorbent 
to the tank 22 through the reuse of the water separated 
from the solids. 

The mist eliminator 25 consists of mesh-type ele- 
ments to capture mist from the treated flue gas and 
20 frames to hold the elements. Each element is held to fill 
up the entire cross section of the riser 24a of the gas-out- 
let duct 24 and extend at the tower end to be partly sub- 
merged under the liquid surface of the slurry S in the tank 
2. The mist eliminator 25 is provided with nozzles (not 
25 shown) for directing wash water against the elements so 
that the elements are cleaned with the sprays of water 
at proper intervals. 

The air supply means 30 comprises an agitating bar 
32 which is suspended by a hollow rotating shaft 31 in- 
30 side the tank 22 and is turned horizontally by a motor not 
shown; air supply pipes 33 attached to the hollow rotating 
shaft 31 , with their open ends 33a protruding downward- 
ly below the agitating bar 32; and a rotary joint 34 con- 
necting the base end of the hollow shaft 31 to an air 
35 source. 

While air C is being forced through the rotary joint 
34 into the hollow rotating shaft 31 , the shaft is rotated 
to supply air C from the air supply pipes 33 to the vapor 
phase regions being formed in the trailing side of the ag- 
40 itating bar 32. The rear end portions of the vapor phase 
regions are torn into tiny pieces by vortical forces that 
result from the turning of the agitating bar 32, and nu- 
merous fine air bubbles of substantially uniform size are 
produced. 

45 The gypsum-separating, absorbent-supplying 
means 40 comprises a slurry pump 41 for taking out the 
slurry S from the tank 22, a thickener 42 for concentrating 
the slurry S so taken out, another slurry pump 43 for dis- 
charging the concentrated liquid D from the thickener 42, 
so a solid-liquid separator 44 for separating gypsum E from 
the concentrated liquid D, a filtrate tank 45 in which the 
supernatant water F from the thickener 42 and the filtrate 
from the solid-liquid separator 44 are collected, and a 
slurry pump 46 for supplying the tank 22 with a fresh ab- 
ss sorbent slurry S prepared by adding limestone G to the 
liquid in the filtrate tank 45. 

Nowthe operation of the wet flue-gas desulfurization 
system of the above-described construction will be ex- 
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plained. The absorbent slurry S that has been supplied 
to the tank 22 is forced up by the circulating pump 23 to 
be sprayed upwardly from the header pipe 21b. The 
spray comes in contact with a crude flue gas A being 
introduced into the flue gas inlet 21a, and removes sulfur s 
dioxide by absorption from the flue gas. The absorbent 
slurry S sprayed from the header pipe 21 b and now flow- 
ing down, absorbing sulfur dioxide, through the bed of 
packing material 21c reaches the bath in the tank 22, 
where it is stirred by the agitating bar 32 and is oxidized 10 
through contact with the numerous air bubbles that have 
resulted from the afore-described tearing phenomenon. 
This oxidation is followed by a neutralization reaction, 
which produces gypsum. 

Thus gypsum and a small proportion of lime as the is 

oherirKflnf <->r/^ mham, i — i : — • -i _ •■ . — — 
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drawn out by the slurry pump 41 into the thickener 42, 
from which the concentrated liquid D is sent by the slurry 
pump 43 to the solid-liquid separator 44. In the separator 
the liquid is filtered and is taken out as a gypsum E with 20 
a small water content (usually about 1 0% water). Mean- 
while the supernatant water F from the thickener 42 and 
the filtrate from the solid-liquid separator 44 are both sent 
to the filtrate tank 45, and thence, with the addition of 
limestone G, the mixture is returned as a fresh absorbent 2s 
slurry S to the tank 22. 

The treated gas B, freed from sulfur dioxide, passes 
through the space between the ceiling 22a of the tank 
22 and the liquid surface of the slurry S. It is then dis- 
charged through the duct body 24b of the gas-outlet duct 30 
24. Before the eventual release of the gas, the mist elim- 
inator 25 in the riser 24a of the duct 24 captures mist 
efficiently and allows the gas to be discharged with a very 
low final mist concentration. 

Since the mist eliminator 25 is fitted vertically, like a 35 
partition, across the riser 24a of the gas-outlet duct 24, 
its flow path is by far the larger in cross sectional area 
than the eliminators of the prior art. The flow rate of the 
gas in that region is correspondingly low (e.g., about 4.5 
m/s), and the mist-collecting capacity of the mist elimi- 40 
nator 25 is markedly improved over the prior art. In ad- 
dition, because the mist eliminator 25 is installed rela- 
tively remotely from the point where the spray of the ab- 
sorbent slurry S forms the mist, much of the mist falls by 
gravity onto the bath surface region upstream of the mist 45 
eliminator 25, and the mist load on the inlet of the elimi- 
nator is relatively light. This permits designingthe system 
to have a strikingly lower mist concentration in the treat- 
ed gas B than heretofore at the outlet of the mist elimi- 
nator. so 

The mist captured by the mist eliminator 25 and the 
wash water sprayed over the eliminator flow down along 
the eliminator itself into the tank 22, where they are re- 
used as part of the absorbent slurry. There is no need 
for a drain hopper or the like as with the conventional ss 
system shown in FIGURE 2. In the duct body 24b of the 
gas-outlet duct 24, where the mist-free gas passes, no 
deposition of solids on the bottom takes place. 



During operation the sulfur dioxide concentration in 
crude flue gas, pH of the slurry in the tank, and other 
variables may be monitored with sensors (not shown) to 
maintain a high rate of desulfurization and high gypsum 
purity. On the basis of the measured values the supply 
of limestone G, spray volume of wash water for the mist 
eliminator 25, etc. are suitably regulated by controls not 
shown. 

With the wet flue-gas desulfurization system of the 
invention thus far described as an embodiment thereof, 
it is possible to reduce the inlet mist load and remarkably 
increase the mist-collecting capacity of the mist elimina- 
tor 25, and thereby substantially reduce the outlet mist 
concentration. Also, the maintenance cost is saved by 
precluding the deposition of solids on the inner walls of 
the duct body 24b of the gas-outlet duct 24. Furthermore, 
the equipment cost too is reduced because the direct 
downflow of captured mist and washings into the tank 
makes it no longer necessary to use a drain hopper or 
other structural modifications. 

The present invention is not limited to the embodi- 
ment described above but may be otherwise variously 
embodied. For example, it may be applied, apart from 
the lime-gypsum process desuff urizer thus far described, 
with equal utility to other desulfurization systems, such 
as of the caustic soda and magnesium hydroxide proc- 
esses using caustic soda and magnesium hydroxide, re- 
spectively, as the absorbent. The oxidation method is not 
limited either to the air supply means of the arm rotating 
type as in the foregoing embodiment; it may of course 
be replaced by a unit injecting air for oxidation from below 
the bottom of the tank through a piping or by a separate 
oxidation process using an oxidation column independ- 
ent of the tank of the absorption column. 

According to the present invention, as has been ex- 
plained hereinabove, the inlet mist load is decreased and 
the mist-collecting capacity of the mist eliminator is strik- 
ingly increased to realize a substantial lowering of the 
outlet mist concentration. In addition, the maintenance 
cost is reduced by preventing the deposition of solids on 
the inner walls of the duct body of the gas-outlet duct, 
and the equipment cost also is reduced by the direct in- 
troduction of captured mist and washings into the tank, 
dispensing with the need for a drain hopper or the like. 

Claims 

1 . A wet flue-gas desulfurization system comprising an 
absorption column, a tank formed integrally with the 
bottom of the absorbent column to hold an absorb- 
ent slurry, a flue gas inlet formed at the top of the 
absorption column, a circulating pump for forcing the 
slurry upwardly from the tank into the flue gas inlet 
for contact with flue gas, means for removing sulfur 
dioxide by absorption from the flue gas through the 
medium of the absorbent slurry in the flue gas inlet, 
and a gas-outlet duct formed to rise integrally from 
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the top of an end part of the tank, whereby the 
treated flue gas free from sulfur dioxide is dis- 
charged to the outside, said gas-outlet duct accom- 
modating a mist eliminator which is held upright, like 
a vertical partition, across the riser of the duct, with 5 
the lower end of the eliminator being extended partly 
into the bath of the absorbent slurry inside the tank. 

2. The system as claimed in claim 1 which is a 
lime-gypsum process desulf urization system. 10 

3. The system as claimed in claim 1 which is a caustic 
soda process desulfurization system using caustic 
soda as the absorbent. 

4. The system as claimed in claim 1 which is a magne- 
sium hydroxide process desulfurization system 
using magnesium hydroxide as the absorbent. 
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